The PCK1 gene encodes phosphoenolpyruvate carboxykinase (PEPCK), which has been shown have a role in metabolic events in hepatocellular carcinoma (HCC). This study aimed to investigate the role of the SHH gene and its encoded protein, sonic hedgehog (SHH), in two human hepatocellular carcinoma (HCC) cell lines.
Chinese Science Academy. The human HCC cell line, SMMC-7721 (ZQ0029) was purchased from Shanghai Zhong Qiao Xin Zhou Biotechnology Co., Ltd (Shanghai, China). Both cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS) and penicillin/streptomycin at 37°C in an atmosphere consisting of 5% CO 2 and 95% air. The cell lines were cultured to a density that allowed sufficient cells for further experiments.
Plasmids carrying specific SHH gene short-hairpin RNA (shRNA) and negative control (NC) shRNA (Table 1) were constructed by Sangon Biotech, Shanghai, China, with the sequences as previously published [29] . Each HCC cell line was divided into three groups: the parental group, the NC group, HCC cells transfected with NC plasmid, and the shSHH group, HCC cells transfected shRNA plasmid. Transfection was conducted using transfection agents according to the manufacturer's instruction and stable knockdown of the SHH gene was screened with G418 (geneticin) (0.5 μg/μl) and was further verified using reverse transcription quantitative polymerase chain reaction (RT-qPCR) and Western blot assays, 24 h after transfection. The off-target effect of gene knockdown was eliminated with experiments using another shRNA (Table 1 
MTT assay
HCC cell proliferation after knockdown of the SHH gene was detected with the MTT assay. Briefly, 1×10 3 cells/ml were inoculated into a 95-well plate and cultured for 96 h. Every 24 h, 5 mg/ml of MTT solution was added into three randomly selected wells for each group and incubated for another 4 h. The cell viability at each time point was represented by the optical density (OD) value at 490 nm, detected using an ELX-800 microplate reader (Biotek, Winooski, VT, USA).
Colony formation assay
The effect of knockdown of the SHH gene on HCC cell anchorage-independent growth, a characteristic of transformed cells, was detected by the colony formation assay. Briefly, the cells were seed into RPMI-1640 medium containing 3% methylcellulose at a concentration of 500 cells per plate. After two weeks of culture, the colonies were stained histochemically on the plates with Wright-Giemsa for 5 min. The numbers of colonies were recorded to compare the anchorage-independent growth capability between the groups. The colony formation rate was calculated as the ratio of colony number/inoculated cell number per plate ×100% temperature before the cells were incubated with 5 μl of PI. The apoptosis rate was measured using an Accuri C6 flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Gluconeogenesis activity
The activity of the gluconeogenesis pathway was determined by quantifying the levels of glycolysis products, including pyruvic acid, lactate, fructose-6-phosphate, and malate, as well as the level of glucose using different detection kits according to the manufacturer's instructions.
Western blot
The expression levels of components of the PI3K/Akt/PCK1 axis were detected with Western blot. Total protein was extracted using RIPA lysis buffer, and the protein concentrations were determined using a BCA protein measurement kit. Primary antibodies to SHH ( 
Statistical analysis
Each assay was performed in triplicate and the data were expressed the mean ± standard deviation (SD). Statistical analysis and graphical data presentation were performed using GraphPad Prism version 6.0 (GraphPad Software, Inc., San Diego, CA). Statistical significance was considered to be a two-tailed P-value <0.05.
Results

Knockdown of the SHH gene inhibited cell proliferation of Hep3B and SMMC-7721 hepatocellular carcinoma (HCC) cells
The transfection of the SHH gene specific short-hairpin RNA (shRNA) suppressed the expression levels of SHH both at mRNA and protein levels ( A hypothesis that drove this study was that the expression of the SHH gene might be associated with gluconeogenesis in HCC cells, and so the levels of products involved in glycolysis were measured. Knockdown of the SHH gene suppressed the production of products involved in glycolysis, including pyruvic acid, lactate, citrate, and malate in Hep3B and SMMC-7721 cells, and increased the production of glucose associated with gluconeogenesis ( Figure 5 ) (P<0.05). However, the production of fructose-6-phosphate was not significantly affected by knockdown of the SHH gene ( Figure 5 ), which might be attributed to the increased production of fructose-6-phosphate in gluconeogenesis.
Knockdown of the SHH gene induced the expression of PCK1 and inhibited the PI3K/Akt pathway in Hep3B and SMMC-7721 HCC cells
This preliminary study attempted to investigate the downstream pathway that mediated the effect of knockdown of the SHH gene. Based on the findings from previous studies [22, 23] , the activity of the PI3K/Akt/PCK1 axis was investigated. As shown by Western blot, knockdown of the SHH gene suppressed the phosphorylation levels of PI3K and Akt in both Hep3B and SMMC-7721 cells ( Figure 6 ). Also, inhibition of the PI3K/Akt pathway was associated with increased levels of PCK1, partially explaining the regulating sequence driving the activation of gluconeogenesis following SHH gene knockdown. Also, the findings of the present study identified the levels of glycolysis products following knockdown of the SHH gene. The results showed that, apart from fructose-6-phosphate, the products of glycolysis were suppressed while the production of glucose was increased, indicating inhibition of glycolysis and the initiation of gluconeogenesis. The liver is the main organ involved in the maintenance of blood glucose levels by both supplying glucose to the circulation and removing glucose from the circulation [33] . One of the most important processes during the turnover of glucose is gluconeogenesis, and when this process is disturbed due to the concomitant activation or suppression of glycolysis [15] , metabolic reprogramming enhances the metabolic flexibility of cancer cells [34] . Therefore, normal gluconeogenesis in the liver might represent a strategy for the control of HCC, which is a theory that was partially supported in the current study in that induced gluconeogenesis was associated with reduced survival of HCC cells. At the molecular level, the expression levels of p-PI3K, p-Akt, and anti-apoptosis 6030 
